Abstract The visceral adiposity index, based on anthropometric and metabolic parameters, has been shown to be related to adipose tissue function and insulin sensitivity. We aimed to evaluate the performance of the visceral adiposity index in adult patients with growth hormone deficiency. We enrolled 52 patients(mean age 51 ± 13 years) with newly diagnosed growth hormone deficiency and 50 matched healthy subjects as controls at baseline. At baseline and after 12 and 24 months of treatment we evaluated anthropometric measures, lipid profile, glucose and insulin during an oral glucose tolerance test, hemoglobin A1c, homeostasis model assessment estimate of insulin resistance, quantitative insulin sensitivity check index, insulin sensitivity index Matsuda, insulin-like growth factor-I and visceral adiposity index. At baseline growth hormone deficiency patients showed higher waist circumference (p < 0.001), low-density lipoprotein cholesterol (p < 0.001) and visceral adiposity index (p = 0.003) with lower insulin sensitivity index (p = 0.007) and high-density lipoprotein cholesterol (p = 0.001) than controls. During growth hormone treatment we observed a significant increase in insulin-like growth factor-I (p < 0.001), high-density lipoprotein (p < 0.001) with a trend toward increase in insulin sensitivity index (p = 0.055) and a significant decrease in total cholesterol (p < 0.001) and visceral adiposity index (p < 0.001), while no significant changes were observed in other clinical and metabolic parameters. The visceral adiposity index was the only parameter that significantly correlated with growth hormone peak at diagnosis (p < 0.001) and with insulin-like growth factor-I and insulin sensitivity index both at diagnosis (p = 0.009 and p < 0.001) and after 12 (p = 0.026 and p = 0.001) and 24 months (p < 0.001 and p = 0.001) of treatment. The visceral adiposity index, which has shown to be associated with both insulin-like growth factor-I and insulin sensitivity, proved to be the most reliable index of metabolic perturbation, among the most common indexes of adiposity assessment and a marker of benefit during treatment in adult growth hormone deficiency patients.
Introduction
Growth hormone (GH) has a key metabolic role and adipose tissue, like bone and muscle, is a major target for GH action [1, 2] . Indeed, untreated GH deficiency (GHD) in adult life is associated with abnormalities in body composition in addition to other cardiovascular risk factors, such as altered cardiac structure and function, dyslipidemia, glucose intolerance and insulin resistance and GH treatment (GHT) exerts beneficial effects on most of these alterations [3] [4] [5] [6] .
The visceral adiposity index (VAI) is a gender-specificmathematical index based on simple anthropometric [body mass index (BMI) and waist circumference (WC)] and metabolic [triglycerides and high-density lipoprotein (HDL) cholesterol] parameters. It has been proposed as a reliable marker of adipose tissue function and distribution, independently associated with cardiometabolic risk in the general population [7, 8] . The VAI has shown a strong association with the insulin sensitivity degree, evaluated with a euglycemic-hyperinsulinemic clamp, and with the visceral adipose tissue measured with magnetic resonance imaging (MRI) [9] . In addition, in healthy subjects fat distribution and function, represented by the VAI, have been found to be correlated with GH levels [10] and these data confirm the close interrelation between adiposity and the GH axis [11] . The application of the VAI in particular populations of patients with endocrine diseases characterized by a variable degree of cardiometabolic risk, such as acromegaly, polycystic ovary syndrome, type 2 diabetes and prolactinoma, has produced interesting results [12] [13] [14] [15] [16] . These have led to the hypothesis that the VAI could be considered as a marker of adipose tissue dysfunction [17] . However, to date, there are no data about the VAI in GHD, which is a clinical condition known to be associated with both cardiometabolic risk and adipose dysfunction. Because of the complexity of the evaluation of body fat with imaging techniques, our hypothesis was that the VAI, as a measure which expresses different metabolic parameters, could be useful to provide reliable information on body fat distribution and cardiometabolic risk of GHD patients. Aiming to evaluate the performance of the VAI in this setting, we investigated the metabolic profile and the VAI in a cohort of adult patients with GHD before and during GHT.
Materials and methods

Subjects
In this prospective study, 52 non-diabetic patients with newly diagnosed adult-onset severe GHD (29 females, 23 males; mean age 51 ± 13 years; range 26-72) consecutively admitted to the Section of Endocrinology of the University of Palermo between January 2010 and December 2013 and treated with GH for at least 24 months were enrolled.
This group included 29 patients with a pituitary adenoma who were treated with surgery over 12 months previously, 11 with compressive syndrome caused by a non-functioning pituitary adenoma (NFPA), 6 with Sheehan syndrome, 4 with GHD due to traumatic brain injury and 2 with likely idiopathic GHD.
Patients with associated other pituitary hormone deficiencies received adequate and stable hormone replacement therapy with glucocorticoid (no. = 28; 54 %), thyroid (no. = 8; 15 %)and gonadal (no. = 34; 65 %) hormones for more than 6 months before starting GHT.
Particularly, among patients with concomitant centraladrenal insufficiency, they all received hydrocortisone treatment with an average stable dose of 5 mg per m 2 of body surface area per day.
Among patients with concomitant central hypogonadism, 20 males received testosterone enanthate at the fixed monthly dose of 250 mg, while 14 females received transdermal estrogen and progesterone treatment, to avoid a significant impact on GH requirement.
Nine out of 11 patients with compressive syndrome (17 % of the entire group) received a stable weekly dose of cabergoline (0.25 mg/ twice a week) due to concomitant secondary hyperprolactinemia. Seven patients (13 %) had an isolated GHD.
The baseline clinical characteristics of the 52 patients with GHD are shown in Table 1 .
Fifty healthy subjects, matched for age (mean age 49 ± 16 years; range 25-72), gender(28 females, 22 males)and BMI, were consecutively recruited among the medical and paramedical personnel of the department and their relatives as a control group at baseline.
All subjects with a previous diagnosis of diabetes mellitus were excluded from this study to avoid the impact of the diabetes treatment on metabolic parameters and because UNR under normal range (ratio of the observed serum IGF-I levels to the average of the normal range age-adjusted), NFPA non-functioning pituitary adenoma, TBI traumatic brain injury of their inability to perform the oral glucose tolerance test (OGTT), while all patients with evidence of newly diagnosed glucose abnormalities after OGTT (no. = 5; 9 %)were treated with diet alone. Similarly, no patients with a previous diagnosis of dyslipidemia or receiving specific treatment were included in the study. We first diagnosed dyslipidemia in 16 patients who had never received any pharmacological treatment until the end of the study protocol to avoid the impact of the treatment on metabolic parameters. Among the patients affected by systemic hypertension (no. = 21; 40 %), 13 received fixed pharmacological treatment with sartans and 8 with angiotensin-convertingenzyme inhibitors and these doses did not change during the entire follow-up.
At the time of hospitalization, a written informed consent for the scientific use of the data was obtained from all participants.
Study design
At baseline and after 12 and 24 months of GHT in all patients we performed a complete clinical and metabolic evaluation. At baseline the diagnosis of GHD was established by the criteria of the Endocrine Society [18] . GHRH plus arginine test was performed in all subjects. Arginine (arginine hydrochloride, Salf, Bergamo, Italy) was given at the dose of 0.5 g/Kg, up to a maximal dose of 30 g slowly infused from time 0 to 30 min, while GHRH (Geref, Serono, Rome, Italy and GHRH Ferring, Milan, Italy) was given at the dose of 1 lg/Kg as i.v. bolus at time 0. Blood samples were taken every 30 min from 0 up to 90 min. The highest GH levels measured from time 30 to 90 min during the test were taken for analysis as peak GH and the diagnosis of GHD was made taking into account the BMI of patients [19] . The mean GH peak was 4.05 ± 1.45 µg/l in the group of 11 patients with BMI < 25 Kg/m 2 ; 2.10 ± 1.97 µg/l in the group of 23 patients with BMI ≥ 25 and <30 Kg/m 2 ; 1.95 ± 1.87 µg/l in the group of 18 patients with BMI ≥ 30 Kg/m 2 . WC was measured at the midpoint between the lower rib and the iliac crest. Systolic (SBP) and diastolic (DBP) blood pressure was measured at the right arm, with the subjects in a relaxed sitting position for 5 min. Three measurements were taken and averaged to give blood pressure values used in this analysis. The blood pressure values during the follow-up, in patients under anti-hypertensive treatment, were evaluated without drug changes.
After an overnight fast, lipid profile [total cholesterol, HDL, low-density lipoprotein (LDL) cholesterol and triglycerides], glucose, insulin, Hemoglobin A1c (HbA1c) and IGF-I were measured. We calculated the ratio of the observed serum IGF-I levels to the average of the normal range, age-adjusted, and the data were presented as IGF-I under normal range (IGF-I UNR ). We considered equal to 1 the perfectly average IGF-I value and <1 IGF-I levels below the average.
Glucose tolerance was assessed by standard OGTT with 75 g of glucose diluted in 250 ml of saline solution, blood glucose and insulin levels being measured every 30 min for 2 h. As surrogate estimates of insulin sensitivity we considered the homeostasis model assessment estimate of insulin resistance (Homa-IR) [20] , the quantitative insulin sensitivity check index (QUICKI) [21] and the insulin sensitivity index (ISI), a composite index derived from the OGTT and validated by Matsuda and DeFronzo [22] .
As the surrogate of visceral fat function, the VAI was calculated as described [9] using the following formulas differentiated according to gender, where triglyceridesand HDL-cholesterol levels are expressed in mmol/l:
for females; VAI ¼ WC=36:
The patients received GH once daily at bedtime with a pen injection system. We used a tailored dose-titration regimen with a starting dose of 0.20 and 0.30 mg/day in males and females respectively and the dose was individually titrated during the first 3-6 months to achieve serum IGF-I levels within the age-dependent laboratory reference range. After dose titration, the mean daily GH dose was 0.40 ± 0.15 mg from months 6 to 12; 0.45 ± 0.10 mg/day from months12 to 18; and 0.40 ± 0.10 mg/day from months 18 to 24. IGF-I levels remained within the normal range during the entire study period.
The institutional Ethics Committee of the University of Palermo approved this study.
Hormone and biochemical assays
All biochemical data were collected after overnight fasting. Glucose, HbA1c and lipids were measured in the centralized accredited laboratories with standard methods. Serum insulin was measured by enzyme-linked immunosorbent assay (DRG Instruments GmbH, Germany). The sensitivity of the method was 1 IU/ml. Serum GH levels were measured by immunoradiometric assay using commercially available kits (Radim, Italy). The sensitivity of the assay was 0.04 µg/l. The intra and inter-assay coefficients of variation (CVs) were 2.5-3.9 and 3.8-5.0 %, respectively. We reported GH concentrations in µg/l of IS 98/574. IGF-I levels were measured by a chemiluminescent immunometric assay (Immulite 2000; Diagnostic Products Corp., Los Angeles, CA) using murine monoclonal anti-IGF-I antibodies. The standards were calibrated against the World Health Organization second IS 87/518. The assay had an analytical sensitivity of 20 μg/l. The intra and inter-assay CVs were 2.3-3.9 % and 3.7-8.1 %, respectively.
Statistical analysis
The Statistical Packages for Social Sciences (SPSS) version 20 was used for data analysis. Baseline characteristics were presented as mean ± SD for continuous variables. Normality of distribution for the quantitative variables was assessed with the Kolmogorov-Smirnov test. The differences between groups (GHD patients at baseline and controls) were evaluated with the t-Test, while the one-way analysis of variance was used to evaluate the significance of the changes over time during GHT in the GHD group. The Pearson's correlation was performed among continuous variables. A p value <0.05 was considered statistically significant.
Results
The clinical and biochemical features of control subjects and GHD patients at diagnosis and during GHT are shown in Table 2 .
Clinical and hormonal parameters
At baseline GHD patients showed higher WC (95.5 ± 8.5 vs. 87.4 ± 12.3 cm; p < 0.001) than controls, without significant differences in BMI, SBP and DBP ( Table 2 ). As expected, GHD patients had significantly lower IGF-I levels (58.3 ± 23.4 vs. 192.4 ± 60.7 µg/l; p < 0.001), IGF-I UNR (0.29 ± 0.16 vs. 0.96 ± 0.30; p < 0.001) and GH peak after GHRH plus arginine (2.2 ± 2.2 vs. 40.7 ± 21.9 µg/l; p < 0.001) than controls.
BMI was significantly correlated with GH peak after GHRH plus arginine in both GHD patients (r−0.521; p = 0.002) and controls (r−0.746; p < 0.001), while it was only correlated with ISI in control subjects (r−0.321; p = 0.023) ( Table 3 ). In the GHD group, IGF-I significantly increased after 12 and 24 months of GHT (p < 0.001), while no significant changes were observed in WC, BMI, SBP and DBP during GHT (Table 2) .
Metabolic parameters
At baseline, we found no significant differences in fasting glucose, insulin, HbA1c, Homa-IR and QUICKI between GHD patients and controls and no significant change in them occurred during GHT (Table 2 ). In GHD group we found a significantly lower ISI (4.94 ± 1.81 vs. 5.87 ± 1.57; p = 0.007), which showed a trend toward increase during GHT, although not statistically significant (p = 0.055).
GHD patients at baseline showed significantly lower HDL (1.25 ± 0.28 vs. 1.39 ± 0.18 mmol/l; p = 0.001) and higher LDL cholesterol (4.27 ± 0.75 vs. 3.15 ± 0.75 mmol/ l; p < 0.001) than controls, without significant differences in total cholesterol and triglycerides (Table 2) .
HDL cholesterol was significantly correlated, both in GHD patients and controls, with GH peak after GHRH plus arginine (r−0.349; p = 0.043 and r−0.385; p = 0.006, respectively) and ISI (r−0.360; p = 0.009 and r−0.333; p = 0.018, respectively). Similarly, triglycerides were significantly correlated, in both GHD patients and controls, with ISI (r−0.337; p = 0.015 and r−0.420; p = 0.003, respectively), while LDL cholesterol was only correlated with ISI in the control group (r−0.322; p = 0.023) ( Table 3) . During GHT we found a significant decrease in total cholesterol and an increase in HDL cholesterol (both p < 0.001) with a trend toward decrease in LDL cholesterol, although not statistically significant (p = 0.076) and without significant change in triglycerides (Table 2) .
Both HDL cholesterol and triglycerides were significantly correlated with ISI (r−0.388; p = 0.005 and r−0.368; p = 0.007) at 12 months of GHT (Table 4) .
At baseline, the VAI was significantly higher in GHD patients compared to controls (2.22 ± 0.99 vs. 1.71 ± 0.63; p = 0.003) and it significantly decreased during GHT (p < 0.001).
In both GHD group and controls we found a significant negative correlation of the VAI with GH peak after GHRH plus Arginine (r−0.620; p < 0.001 and r−0.414; p = 0.003, respectively), IGF-I (r−0.375; p = 0.009 and r−0.461; p = 0.001) and ISI (r−0.589; p < 0.001 and r−0.579; p < 0.001) ( Table 3 ; Fig.1 ). Similarly, in the GHD group a significant negative correlation of the VAI with IGF-I (r−0.339; p = 0.026 and r−0.692; p < 0.001) and ISI (r−0.453; p = 0.001 Table 3 Correlation (univariate analysis) at baseline of the main clinical and metabolic parameters with the hormonal levels (GH peak and IGF-I) and ISI in controls and GHD patients and r−0.558; p = 0.001) was maintained after 12 and 24 months of GHT, respectively (Table 4 ; Fig.2 ).
Discussion
We investigated metabolic profile the visceral adipose function, indirectly expressed by the VAI, in a group of newly diagnosed adult patients with GHD. TheVAI was found to be the parameter most closely related to insulin sensitivity degree and hormonal levels. Indeed, in this study the VAI proved to be inversely associated with GH peak, IGF-I levels and insulin sensitivity at diagnosis and positively influenced by GHT. The correlation between visceral adiposity and GH axis highlights how GHD could be associated with a condition of visceral adiposity dysfunction and metabolic risk. In this connection, a clustering of cardiovascular clinical risk factors has been reported in GHD patients, mainly including truncal adiposity and increased visceral fat, changes in body composition and insulin resistance, negative changes in lipid profiles and increased cardiovascular mortality [23] [24] [25] .
In addition, lifetime congenital untreated isolated GHD in adults increases visceral adiposity and the activity of the enzyme 11β-hydroxysteroid dehydrogenase, which converts cortisone to cortisol, both linked to insulin resistance and increased cardiovascular risk [26] . Subjects with congenital untreated GHD due to a homozygous mutation in the GHRH receptor gene present reduced beta-cell function and higher frequency of impaired glucose tolerance [27] , despite these subjects also have normal bone status and do not develop premature atherosclerosis [28] .
To date, there is limited evidence and rarely coming from randomized studies to consider GHT able to widely improve cardiovascular risk factors and to decrease cardiovascular morbidity and mortality. Consistent beneficial effects of GHT were variously reported on body composition, metabolism and cardiovascular risk factors [29] [30] [31] [32] , although the prevalence of the metabolic syndrome in GHD patients was found to be increased when compared to healthy controls even after GHT, likely due to the discordant data about anthropometric parameters and glucose metabolism [32] [33] [34] . Therefore, if the beneficial effect of GHT on lipid profile is well established, other cardiovascular risk factors may continue to deteriorate during GHT, leading to a concern about the net beneficial effects of GHT. In addition, if the overt GHD in adults is frequently associated with a well-known clinical syndrome, sometimes the clinical picture of GHD or the metabolic effects of GHT can-not amply manifested. Indeed, the overall cardiovascular risk associated with GHD has been frequently assessed by the prevalence of the overt metabolic syndrome, by acclaimed lipid or glucose impairment or by increased BMI, while the current study showed that a degree of risk in GHD and the net benefit of GHT can only be revealed by the VAI.
We found a significant higher WC, but not BMI, in GHD patients compared to control subjects, without any significant change during GHT. However, WC did not correlate either with IGF-I or with insulin sensitivity. These data are also in agreement with the main results on long-term effects of GHT on BMI and WC, which appear to be inconclusive. Indeed, both BMI and WC have been found to be increased or unchanged during GHT [34, 35] . Conversely, GHT has overt favorable effects on body composition, mainly evaluated by dual-energy X-ray absorptiometry (DEXA).
Several methods are available to evaluate body composition and in the literature DEXA is reported to be the best currently available technique for detecting overt body composition modifications [36] . However, DEXA cannot distinguish between body cell mass and water and consequently these data may not be accurate since GHT is associated with an increase in the intracellular water component [37] . Computed tomography and MRI are two of the most sensitive methods that could lead to a reliable estimate of visceral fat, but both procedures require expensive specialized equipment and in this light the VAI is a clinical index derived from MRI-based studies and represents a better indicator of adipose dysfunction [17] . Indeed, despite a good correlation with abdominal adiposity, such anthropometric measurements do not differentiate visceral from subcutaneous adiposity [38] . Visceral obesity, rather than peripheral/subcutaneous type, reflects the metabolic changes in the body more accurately and for this reason the visceral adipose tissue cannot be precisely predicted by BMI and WC in clinical practice. In our study, the higher VAI in GHD patients at baseline and its significant reduction during GHT represents the most significant metabolic data and this finding supports the data of Di Somma et al., who demonstrated a strong relationship among GH axis, VAI and cardiometabolic risk in a cohort of healthy subjects [10] .
Our data confirmed the mutual relationship between GHD and adiposity, since a strong negative correlation was found between VAI and GH peak at diagnosis, in agreement with previous studies that demonstrated that GH peak after GHRH plus arginine depends more on WC than on BMI [39] . Ideally, the possibility to use one single value representingat the same time BMI and WC could be very useful, and in this light the VAI might represent a useful tool. In this study, the VAI proved to be the parameter that most strongly correlates with both insulin sensitivity and hormonal parameters at baseline and also during the GHT, while the other anthropometric (WC, BMI) and metabolic parameters are not, or are only partially, related with them. This finding is in agreement with the well-known strong association between VAI and insulin sensitivity assessed by ISI in the general population [9] .
In agreement with other studies, we did not find any difference in SBP and DBP between GHD and controls or significant variations during GHT [40] , while, as regards lipid profile, we found significant results, as expected. GHD patients usually have decreased HDL and increased LDL cholesterol, as we found in our study, and the beneficial effects of GHT have been well documented, although a limitation of most studies is the lack of data concerning lipid-lowering treatment or the chronic use of these [35] . Our data, showing an improvement in total and HDL cholesterol in patients not receiving specific treatment, are in agreement with a series of studies which have confirmed that long-term GHT leads to a significant improvement in lipid profile [41] , although other studies did not report any significant effect [42, 43] . In addition, the neutral effect of GHD and GHT on triglycerides observed in our study is in agreement with the meta analysis performed by Maison et al. [30] .
The impairment in glucose metabolism, characterized by insulin resistance and mainly due to increased BMI and impaired body composition, has been often reported in GHD [6, 44, 45] , but discordant data have been shown as regards the effect of GHT on it [35] . In our cohort of subjects we found that the GHD group did not differ significantly from the control group for fasting glucose, insulin and HbA1c levels and that these parameters did not significantly change during GHT. Similarly, we found no difference in Homa-IR and QUICKI between the two groups and no variation in them during GHT. Actually, insulin resistance does not seem to be significantly affected during GHT if evaluated by the Homa index [43] , while onlythe use of the QUICKI showed a trend toward reduction in insulin sensitivity in a previous study [46] . In our opinion, these controversial data may be due to the fact that both the unfavorable counter-regulatory effect of GH on glucose metabolism and the favorable variation of body composition GH-induced must be taken into account. In addition, notably, the estimates of insulin sensitivity derived from fasting insulin and glucose have not always been demonstrated to be useful surrogate measures of insulin sensitivity. Furthermore, only few studies have used the more reliable index ISI or the gold standard euglycemic hyperinsulinemic clamp to evaluate insulin sensitivity degree in this setting. Indeed, when we considered ISI, we found lower insulin sensitivity in the GHD group compared to controls, with a trend toward increase, although not statistically significant, during GHT. These data are partially in agreement with those of Arafat et al., who showed an improvement in insulin sensitivity, evaluated by the clamp, after low-dose GHT [47] .
In conclusion, our study suggests that the VAI seems to be the most reliable index of metabolic perturbation among the most common indexes of adiposity assessment (i.e. WC, BMI, lipids) and a marker of benefit during treatment in adult GHD patients. Indeed, the goals of GHT are to correct the clinical and metabolic alterations described using IGF-I levels as a marker of treatment. Therefore the use of the VAI, which has shown to be correlated with both IGF-I and insulin sensitivity, can be useful for the proper follow-up of these patients in clinical practice. To date, if DEXA is considered to be the best available technique for easily measuring visceral fat mass, the VAI seems to be correlated with both adiposity and hormonal-metabolic parameters. However, given that these correlations are derived from univariate analysis, whether the association between the VAI and the hormonal and biochemical parameters is casual or causal remains to be proven also through the availability of instrumental data on body composition.
Limitations of this study are the open design, the lack of follow-up in the control group and the lack of an untreated GHD group due to ethical reasons because of the potential beneficial effects of GHT. Another limitation is probably the lack of direct data on body composition, since MRI and computed tomography, considered the gold standard for the quantitative evaluation of adipose tissue, were not performed; this is due to the fact that these two methods are extremely expensive and too complicated for use in routine practice. In addition, the body composition parameters evaluated by densitometry were available only in a minority of cases, for which they were not considered in the analysis of results.
Future prospective large-scale studies aiming to identify specific cut-off values of VAI and its potential predictive role regarding cardiovascular risk in GHD patients must necessarily take into account a longer follow-up.
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